The acoustic data are valuable only when accompanied by good biological data on rather pure fish aggregations. The species and length compositions in each trawl haul and the corresponding echo sounder paper record were therefore carefully examined. Only catches showing a clearly dominant single species or two species of distinct length groups which also could be recognized on the paper record were accepted for further use.
Thus, of the 11 data series from the March Lofoten cruise, only five, numbered 1, 2, 3, 7, and 8 in Table I , qualify unconditionally here for further analysis. Biological data for series 11 were taken from commercial Danish seine catches over the period 8-14 March in the same areas as the acoustic data were sampled. As this is the main area of commercial fishing for spawning cod, trawling was impossible. The authors are nonetheless confident that the species and length composition determined by Danish seining are representative for the recorded fish. The similarity of these data with those determined by trawling by 1L/V G. O. SAPS in an area slightly further east on 15 March is also noted.
Of the 14 data series collected during the July Shetland Islands cruise, only three are sufficiently clean for analysis here. Data series 15 was collected on herring dispersed in the 65-to 95-m layer, while series 25 was collected on herring from the same layer immediately after rising to the 15-to 45-m layer. The herring catch was rather small, but the length distributions of the fish from the respective layers were essentially identical and also equivalent to those from daytime catches in the same area. The mean of the combined length data is 28.5 cm; the standard deviation is 2.0 cm. The catch from the upper layer also contained some 0.group gadoids of mean length 6.8 cm and standard deviation 1.6 cm. Data series 26 represents adult Norway pout dispersed in a layer from the bottom to a height 15 m over the bottom. The trawl haul showed by numbers 96% Norway pout and 4% whiting of mean length 31.1 cm and standard deviation 4.7 cm.
All measurements of fish length reported here refer to the so-called total length. 6'7 For work performed at the Institute of Marine Research, this is essentially the distance from the anteriormost extremity, e.g., tip of the snout if protruding beyond the end of the lower jaw, to the end of the tail fin.
In the case of fish with a forked tail, the two lobes are moved into the position which gives the maximum length measurement.
B. Acoustic data
Split-beam echo sounder
The acoustic data were gathered with the SIMRAD ES380 split-beam echo sounder, with hull-mounted transducer resonant at 38 kHz. 8 In this device, essentially a 2 X 2 element phased array, each quadrant signal is separately amplified according to the same time-varied-gain function. The four quadrant beams are combined in pairwise fashion by simple summing to form a total of four half beams. The zero crossings of corresponding haft-beam signals are detected and used to determine the alongships and athwartships phase differences, thence angles. Together, these two numbers specify the angular location of the detected scatterer, if present. The same numbers serve as an address for accessing a programmable-read-only memory (PROM) containing the measured beam pattern values.
Simultaneous with the operations on the half-beam signals, the port and starboard half-beam signals are summed to produce a total-signal output. Following envelope detection and analog-to-digital conversion, another PROM is accessed to determine the logarithm of the signal amplitude. This and the beam pattern compensation value form a set of addresses for a third PROM, which provides the target strength value, in coded form, for the particular time sample. A sequence of target strength values spanning the interval from the start of echo-signal reception to its termination by arrival of the bottom echo is derived for each individual transmission. For the fixed sampling frequency of 7.3625 kHz and design sound speed of 1472.5 m/s, the nominal depth resolution is 10 cm.
The sequence of target strength values is reduced by software before the next transmission, which is governed by the pulse repetition frequency, nominally 50/rain for the depths encountered during the measurements. The purpose of this data processing is the extraction of all single-fish echoes lying within the operator-specified depth interval.
To describe the criteria for extracting single-fish echoes, it is useful to introduce two quantities. The minimum detectable signal (MDS) is that corresponding to the least target strength of representation, --50 dB, when detected at the maximum allowable angle, 4.94 deg, where the two-way bcarn pattern loss is --12 dB. For angles greater than 4.94 deg, a zero code is generated. The duration of a single-fish echo is measured at the MDS level and is compared with the duration of the transmit signal as measured at the one-haft power points of the detected envelope.
For the present application, a single-fish echo was defined as that set of contiguous nonzero-coded target strengths, whose duration lay within 75% and 175% of the transmit pulse duration and which was bordered by at least four zero-coded target strengths .on either side. For the transmit pulse duration of 1 ms, the minimum distance of separation between scatterers was thus greater than Im.
Each single-fish echo is characterized by three data: the ping number, echo range to the nearest decimeter, and target strength, expressed as one of 80 target strength classe•. evenly spread over the range from -50 to -20 dB, hence with 0.375-dB resolution. The target strength is, in fact, an approximation, being the largest of the arithmetical means of target strengths computed for each pair of adjacent samples. Given the described resolution in target strength, this averaging is expected to incur only a slight negative bias, estimated to be less than 0.1 dB in magnitude, and neglected elsewhere in tMs paper. and the target range. However, since targets are accepted by the ES380 system only if lying within 4.94 deg of the acoustic axis, the depth estimate is only very slightly biased. Generally, fewer data were analyzed than were available. One reason for this was the desire to maintain a homogeneous data set, as for example by limiting the vessel speed to a narrow range or by limiting the fish echoes to a narrower depth range than was actually employed during the observations.
II. METHODS
Two basic problems must be addressed in analyzing the data presented in Fig. 2 .
A. Separation of composite target strength histograms
In the case of those data consisting of mixed species, namely those of series I and 3, the target strength data in Fig.  2(a) and (c) must be assigned to the individual fishes. The solution to this problem is referred to as the "method of separation."
It is apparent from Table I This agree•. well with the observations in Fig. 2(a) and ( Separation of the saithe contribution from the composite histograms in Fig. 2(a) and (e) is accomplished by attributing all data above the likely greatest target strength of the second, lesser fishes to saithe. The number of represented suithe data above this cutoff represents the same fraction of the entire saithe distribution as does the comparable part of the pure-saithe target strength histogram in Fig. 2(b) . The pure-saithe histogram can thus be sealed absolutely, and the part below the cutoffs in Fig. 2(a) and {e) can be subtracted directly from the composite histogram. The result of applying this procedure to the composite data in Fig. 2 (a) and { e ) is shown in Fig. 3(a) 
In 10 TSe --TS, This is, in fact, the prescription used in assigning mean back-' scattering cross sections to the various target strength classes of the several distributions. The basic target strength interval, TS2 --TS•, used in the computations was 1.5 dB.
Compensation for thresholding and saturation is applied in the determination of •, which begins with the straightforward averaging of the observed target strength histogram, or empirical distribution, with result •,. The two compensations are now described.
cr Lower tail. This compensation involves extrapolating the observed target strength distribution below the nominal threshold of -50 dB. As the effect of the threshold is sharp only for scatterers with target strengths greater than about --47 dB, and since scatterers with target strengths between --50 and -47 dB are unequally registered by the echo sounder, the effective threshold may cxeeed --50 dB. This quantity, referred to as the lower cutoff, was chosen to optimize the agreement of empirical and theoretical distributions at their junction. Six discrete levels were examined, from --50 to --42.5 dB in steps of 1.5 dB. In practice, the cutoff was determined from among the three lowest levels, the higher ones always giving a much poorer agreement.
The contributions of the lower tails of the empirical and theoretical distributions to their respective averages were computed for target strengths not exceeding the chosen cutoff. These are denoted Acr While these observations may give some general guidelines on the biases introduced by the sampling gear, the information is not sufficient for estimating the biases incurred for various species and length compositions, hence correction for such biases. Therefore, to ensure the quality of the biological data, only data from quite pure fish aggregations have been used. Additionally, it was required that the coefficient of variation of fish lengths in the respective catches be as low as possible. This was the case for all of the reported species except that of redfish, which has been included because of the rarity, if not uniqueness, of unambiguous acoustic observations on it.
B. Acoustic data analysis
Compensation for the threshold and saturation effects has been achieved through a combined comparison and extrapolation procedure based on simulated target strength distributions. These depend on the validity of the basis target strength data, presumed established, 23 and knowledge of the fish behavior as expressed through the tilt angle distribution. Given nearly complete ignorance of the particular behavior patterns, a range of nonextreme behavior modes has been assumed. Averaging of the respective mean target strengths has revealed a rather low variance, with maximum standard deviation due only to uncertainty in behavior mode of 0.9 dB. Given the standard deviation due to other causes of 0.3 dB, the standard deviation in estimated mean due to all error sources is therefore less than 1.0 dB in all cases, as shown in Table III . This is fortunate for indicating a basic insensitivity of threshold-and saturation-compensated in situ target strengths to the particular behavior mode, which is both unknown and difficult to know.
There is, however, clear support for the exclusion of extreme behavior patterns from the analysis of each data series here: It is the presence of relatively large target strengths in the distributions. If the mean tilt angle were, for instance, to deviate from the horizontal by more than about 10 deg, then it would be difficult, if not impossible, to explain the large target strengths that were observed. In a word, the present analysis indicates that fish detected within the acoustic beam were not seriously affected by the passage of the vessel. It is noteworthy in {he same context that most of the data were collected at moderate speeds. In the case of cod, however, data were collected at each of several distinct speeds, varying from less than 3 knots to more than 11 knots, yet neither systematic nor significant differences in target strength were found. Justification for the threshold and saturation compensation is provided by a comparison of the compensated mean target strengths with the corresponding mean target strengths as computed directly from the uncompensated split-beam data. The result is shown in Table IV Table IV 
Included in
which is to be compared with Eq. (9b). 
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